Effects of musical training on pitch discrimination of resolved and unresolved complex tones by Bianchi, Federica et al.
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 21, 2017
Effects of musical training on pitch discrimination of resolved and unresolved complex
tones
Bianchi, Federica; Santurette, Sébastien; Wendt, Dorothea; Dau, Torsten
Publication date:
2015
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Bianchi, F., Santurette, S., Wendt, D., & Dau, T. (2015). Effects of musical training on pitch discrimination of
resolved and unresolved complex tones. Poster session presented at 38th Annual MidWinter Meeting of the
Association for Research in Otolaryngology, Baltimore, MD, United States.
Effects of musical training on pitch discrimination of 
resolved and unresolved complex tones 
Federica Bianchi1*, Sébastien Santurette1, Dorothea Wendt1, Torsten Dau1 
1 Oticon Center of Excellence for Hearing and Speech Sciences, Technical University of Denmark, Ørsteds Plads Building 352, 2800 Kongens Lyngby, Denmark *fbia@elektro.dtu.dk 
%
 
# 119 
References: 
(1)  Micheyl, C., Delhommeau, K., Perrot, X., Oxenham, A. J. (2006). “Influence of musical and psychoacoustical 
training on pitch discrimination,” Hear. Res. 219, 36–47. 
(2)   Spiegel, M.F., Watson, C.S. (1984). “Performance on frequency discrimination tasks by musicians and non-
musicians”. J. Acoust. Soc. Am. 76, 1690–1695. 
(3)  Kishon-Rabin, L., Amir, O., Vexler, Y., Zaltz, Y. (2001). “Pitch discrimination: are professional musicians better than 
non-musicians?” J. Basic Clin. Physiol. Pharmacol. 12 (2 Suppl), 125–143. 
(4)  Samira, A., Kraus, N. (2011) “Neural encoding of speech and music: Implications for hearing speech in noise”. 
Seminars in Hearing 32 (2), 129-141. 
(5)  Bidelman, G.M., Schug, J.M., Jennings, S.G., Bhagat, S.P. (2014) “Psychophysical auditory filter estimates reveal 
sharper cochlear tuning in musicians” J. Acoust. Soc. Am. 136 (1), EL 33-39. 
(6)  Schneider, P., Scherg, M., Dosch, H. G., Specht, H. J., Gutschalk, A., and Rupp, A. (2002). “Morphology of heschl’s 
gyrus reflects enhanced activation in the auditory cortex of musicians”. Nat. Neurosci. 5, 688–694. 
(7)  Jantzen, M.G., Howe, B.M., and Jantzen, K.J. (2014) “Neurophysiological evidence that musical training influences 
the recruitment of right hemispheric homologues for speech perception”. Frontiers in Psychology 5 (171), 1-8. 
(8)  Bernstein, J.G.W. and Oxenham, A.J.  (2006) “The relationship between frequency selectivity and pitch 
discrimination: Sensorineural hearing loss”. J. Acoust. Soc. Am. 120 (6), 3929–3945. 
(9)  Piquado, T., Isaacowitz, D. and Wingfield, A. (2010). “Pupillometry as a measure of cognitive effort in younger and 
older adults”. Psychophysiology, 47(3), 560–569. 
(10)  Zekveld, A. A. and Kramer, S. E. (2014) “Cognitive processing load across a wide range of listening conditions: 
Insights from pupillometry”. Psychophysiology 51, 277-284.  
 
 
Introduction 
Musicians typically show enhanced pitch-discrimination ability compared to non-
musicians, consistent with the hypothesis that musicians are more sensitive to some 
acoustic features critical for both speech and music processing (see 1, 2, 3, 4). It has 
been debated whether this perceptual enhancement, so far mainly observed for 
complex tones containing resolved harmonics (1), can be ascribed to higher 
peripheral frequency selectivity (5), increased sensitivity to spectro-temporal features 
due to finer representations at a cortical level (6, 7), or an enhanced ability to attend 
to and extract such features.  
The present study investigated whether musical training enhances pitch-
discrimination performance for complex tones containing resolved vs. unresolved 
harmonics to the same extent (experiment 1), and whether this enhancement can be 
ascribed to increased frequency selectivity (experiment 1) or to a higher effort in 
performing the task indicated by tasked-evoked pupil dilations (experiment 2). 
 
Method 
Experiment I: Pitch discrimination 
q  Pitch discrimination of complex tones was measured via difference limens for 
fundamental frequency (F0DLs). 
q  Participants: 14 listeners (6 musicians, 8 non-musicians). 
q  Stimuli: complex tones filtered in either a low (LF: 0.3-1.5 kHz) or a high (HF: 
1.5-3.5 kHz) frequency region to vary the resolvability of the harmonics. 
q  Paradigm: 3 AFC, two intervals contained a reference complex tone with a fixed 
F0, and one interval contained a deviant complex tone with a larger F0. 
q  Measure the smallest detectable ΔF0. 
 
 
 
 
 
 
 
Experiment II: Pupillometry 
q  Task-evoked pupil dilation was measured during a pitch-discrimination task. 
q  Participants: 6 musicians (4 from Experiment I), 5 non-musicians (4 from 
Experiment I) 
q  Variation of task difficulty: ΔF0 was adjusted to be below, at and above the 
individual pitch-discrimination threshold from experiment I.  
q  Variation of harmonic resolvability: three different F0s (100, 200, and 500 Hz) 
were tested, filtered in LF and HF regions. 
 
 
 
Results 
Experiment I: Pitch discrimination 
 
Experiment II: Pupillometry 
Figure 1 Stimulus presentation for the pitch discrimination task in a 3 AFC task. 
Subjects were asked to press a response button after stimulus presentation. 
“Which tone has the highest pitch?” 
Conclusions 
q  Our behavioral findings indicate a similar perceptual benefit for pitch-
discrimination of resolved and unresolved complex tones in musicians. 
q  This benefit seems not to be ascribed to sharper peripheral filtering. 
q  Higher task-induced effort may partly explain the enhanced performance of 
musicians for unresolved complex tones.  
q  Future work may clarify whether increased pupil dilation can be explained as 
an effect of stimulus resolvability and/or task difficulty. 
q  Future work on fMRI may clarify whether musicians show a higher sensitivity to 
fine spectro-temporal cues at a cortical level. 
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Figure 2 Six stimulus conditions of varying task-difficulty and harmonic 
resolvability were tested during the pupillometry experiment.  
Figure 5: Left panels: normalized pupil dilation as a function of time (averaged across 6 musicians and 5 non-musicians). Right 
panels: time-averaged value of pupil dilation, calculated from the maximum dilation point (around 2 s) until 3.5 s after stimulus 
onset. The percentages refer to the obtained average performance for each condition. All pupil size data are normalized relative 
to the initial baseline and divided by the maximum range of dilation (according to 9). 
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Musicians: 
q  increase in task-induced pupil dilation with: 
•  increasing difficulty of the task 
•  decreasing resolvability of the stimuli  
 
Non-Musicians: 
q  increase in task-induced pupil dilation:  
•  from easy-to-medium task difficulty  
q  decrease in task-induced pupil dilation:  
•  for unresolved complex tones and high task difficulty 
q  might have given up when the task was too demanding 
(cognitive processing overload, see 10). 
Discussion 
q  Musically-trained listeners obtained smaller (better) behavioral pitch-discrimination 
thresholds than non-musicians by a factor of about 2 in both resolved and unresolved 
conditions, indicating that the presence of resolved harmonics is not necessary for 
enhanced pitch discrimination following musical training.  
q  Possible factors enhancing performance: 
• higher peripheral frequency selectivity  
• higher task-induced effort for unresolved tones and high task difficulty 
• finer spectro-temporal cues at higher levels          ? 
Perspectives 
q  Confound of the current paradigm:  
• all resolved conditions are tested with an easy task, unresolved with a difficult task 
q  New paradigm: 
• test HF at 3x3 levels of difficulty and resolvability 
• disentangle resolvability and task difficulty 
• measure pupil dilations (pupillometry experiment) and, additionally, cortical 
activation (functional magnetic resonance imaging, fMRI) 
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q  Musicians: benefit by a factor of 2 in the pitch discrimination threshold for both resolved and unresolved complexes (see 1, 
2, 3).  
q  Similar transition point (F0,tr) for musicians and non-musicians at around 200 Hz. 
q  Since F0,tr was shown to correlate with measures of frequency selectivity (see 8), these findings suggest that the enhanced 
performance for musicians may not be ascribed to an increased peripheral resolvability.  
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Figure 3 Pitch discrimination thresholds as a function of F0 for complex 
tones filtered either in a low (white squares) or high (black circles) 
frequency region. Left panel: musicians, right panel: non-musicians. 
Figure 4 The transition point (F0,tr) depicts the 50% 
point on the fitted sigmoid to the HF results and 
indicates the F0 for which the harmonics start to get 
resolved. 
Figure 6 Design of a new paradigm with eleven stimulus conditions of varying 
task-difficulty and harmonic resolvability. 
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